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POWER SAVING INPUT BUFFER FOR USE WITH 
A GATE ARRAY 

FIELD OF THE INVENTION 

This invention relates to input buffers and in particu 
lar to an input buffer for use with a gate array or other 
master slice integrated circuit device. 

BACKGROUND OF THE INVENTION 

In a standard prior art gate array circuit, such as a 
programmable logic type array or other master slice 
type device, a plurality of input buffers are coupled 
between the gate array and incoming data signal lines to 
match the levels of the incoming data signals to the 
signal levels required for the gate array and to protect 
the gate array from noise on the data signal lines. Fur 
ther, a plurality of output buffers are connected to the 
outputs of the gate array to amplify the gate array sig 
nals in order to drive a next stage. A simpli?ed block 
diagram showing these three basic components of a gate 
array circuit is shown in FIG. 1. FIG. 1 includes input 
buffers 10, gate array 20, and output buffers 30. 
A problem with prior art gate array circuits such as 

shown in FIG. 1 is that, since input lines 12 of input 
buffers 10 are usually coupled to a data bus, the various 
signals on the data bus will cause gates within input 
buffers 10 to change states, which, in turn, cause corre 
sponding changes of state of gates within gate array 20 
and output buffers 30. These changes of state occur 
even when the outputs of output buffers 30 are not 
being inspected, or, in other words, when operation of 
input buffers 10, gate array 20, and output buffers 30 is 
not required. When gates are switched, there is feed 
through current during switching, and, if the next stage 
is a capacitive load, there is a charge current which 
charges the capacitive load. Consequently, when the 
operation of input buffers 10, gate array 20, and output 
buffers 30 is not required, there is a resulting wasteful 
use of electrical power in their operation. 

This is a particular problem when a battery driven 
memory card is connected to a gate array circuit. In this 
case, the battery driven memory card uses up battery 
power in changing logic states Within the card, as deter 
mined by the signals on a data bus, even when the oper 
ation of the memory card is not required. 
Even if gate array 20 in FIG. 1 were equipped with a 

control terminal which disabled gate array 20 upon 
application of a control voltage, input buffers 10 would 
not be rendered inoperative and power will still be 
wasted by input buffers 10. 

Hence, the above-described prior art gate array cir 
cuits do not allow for directly controlling the input 
buffers so as to only operate when needed. 

SUMMARY OF THE INVENTION 

The present invention incorporates a control mecha 
nism in an input buffer so that the input buffer may be 

' directly enabled or disabled by a control signal. When 
operation of the input buffer and subsequent stages are 
not required, no changes of state will occur, and, hence, 
no power will be wasted by the unnecessary operation 
of gates internal to the input buffer or subsequent stages. 
The method of control is to couple a common control 
signal to one input port of each of a plurality of two 
input AND gates and couple an incoming data signal to 
the other input port of each of the two-input AND 
gates. The AND gates function as input buffers and the 
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2 
outputs of the AND gates are applied to the subsequent 
stage (e.g., a gate array). Thus, the output of each of the 
AND gates will be automatically LOW when a LOW 
control signal is applied to one input of the two-input 
AND gate, and an AND gate output signal will be 
HIGH when the control signal is held HIGH and the 
incoming data signal applied to the other input of the 
AND gate is also at a HIGH level. When the control 
signal is HIGH and the data signal applied to the other 
input of the AND gate is LOW, the output of that par 
ticular AND gate will also be LOW, hence, reflecting 
the state of the data signal. Thus, a LOW control signal 
disables the AND gate input buffers and subsequent 
stages coupled to the output of the AND gates, such as 
a gate array, regardless of whether the incoming data 
signals are of a HIGH or LOW state, hence, wasting no 
power when operation of the circuits is not required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a prior art gate’ 
array coupled to a plurality of input buffers and output 
buffers. 
FIG. 2 is a schematic diagram of one embodiment of 

our invention. 

FIG. 3 is a schematic diagram of an AND gate of 
FIG. 2 using CMOS technology. 
FIG. 4 shows another embodiment of our invention 

where a control signal is applied to an input/output 
buffer. 
FIG. 5 shows another embodiment of our invention 

allowing selective enabling of each input buffer. 
FIGS. 6-9 are schematic diagrams of alternate em 

bodiments of - an AND gate of FIG. 2 using CMOS 
technology. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 2 shows a circuit diagram of the present inven 
tion. FIG. 2 shows data signal input pads 40 for receiv 
ing an incoming data signal, a control signal buffer 42, a 
control signal input pad 44, and two-input AND gates 
46 each having one input terminal coupled to a corre 
sponding data signal input pad 40 and having the other 
input terminal coupled to a common control signal line 
48. Outputs of_AND gates 46 are shown as output lines 
50 and are coupled to a next stage which may comprise 
additional input buffers or a gate array depending on 
whether additional input buffers are needed. When a 
HIGH signal enters control signal buffer 42, which may 
be an ordinary prior art input buffer, a HIGH output 
signal of control signal buffer 42 is applied to one input 
of each two-input AND gate 46. Hence, an incoming 
data signal applied to any of pads 40 is reflected at the 
output of an associated two-input AND gate 46 and is 
fed to the next stage via an associated one of output lines 
50. 
When a LOW signal is applied to control signal 

buffer 42, a LOW output signal of control signal buffer 
42 is applied to one of the inputs of each two-input 
AND gate 46, insuring the voltages on output lines 50 
are LOW regardless of the state of the data signals 
applied to pads 40. Hence, the next stage coupled to 
output lines 50 is unaffected by the incoming data sig 
nals. In this way, no power is wasted by either AND 
gates 46 or the subsequent stages coupled to output lines 
50 when their operation is not required. Thus, where 
AND gates 46 and subsequent stages are comprised of 
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CMOS devices, the disabling of these devices by a 
LOW control signal will suppress the feed-through 
current during switching of the CMOS devices. Fur 
ther, if a subsequent stage is a capacitive load, the 
charge current is also suppressed. 

In one embodiment, the two input AND gates 46 of 
FIG. 2 are formed using CMOS devices with a circuit 
diagram as shown in FIG. 3. In FIG. 3, if the level of 
control signal line 48 is LOW, the signal on output line 
50 will be LOW regardless of whether the level of the 
data signal applied to data input pad 40 is HIGH or 
LOW. In this manner, the use of the present invention 
avoids the waste of charge current and feed-through 
current into a subsequent gate array stage and subse 
quent output buffer stage. 

Operation of the circuit of FIG. 3 is as follows. When 
control signal line 48 is LOW, PMOS transistor 51, 
whose gate is coupled to control signal line 48 and 
whose source is coupled to positive voltage VDD, is on 
and applies a HIGH voltage to the gates of PMOS 
transistor 52 and NMOS transistor 53. PMOS transistor 
52 and NMOS transistor 53 are coupled in series be 
tween V DD and ground so that a HIGH voltage coupled 
to their gates turns NMOS transistor 53 on and PMOS 
transistor 52 off, coupling a LOW voltage to output line 
50. 
The LOW voltage on control signal line 48 is also 

coupled to the gate of NMOS transistor 54, whose 
source is coupled to ground through NMOS transistor 
55 and whose drain is coupled to VDD through PMOS 
transistor 56 and to the gates of PMOS transistor 52 and 
NMOS transistor 53. Hence, a low voltage on control 
signal line 48 turns NMOS transistor 54 off, isolating the 
gates of PMOS transistor 52 and NMOS transistor 53 
from NMOS transistor 55 and ground. An incoming 
data signal applied to pad 40 is coupled to the gates of 
PMOS transistor 56 and NMOS transistor 55 so that if 
the data signal is LOW, PMOS transistor 56 would 
conduct, causing no change in the HIGH voltage al 
ready applied to the gates of PMOS transistor 52 and 
NMOS transistor 53 through the conductive PMOS 
transistor 51. If the incoming data signal is high, NMOS 
transistor 55 would conduct, having no effect on the 
voltage coupled to the gates of PMOS transistor 52 and 
NMOS transistor 53, since NMOS transistor 55 is iso 
lated by NMOS transistor 54 being in an off state by the 
LOW control signal line 48. 
A HIGH voltage on control signal line 48 switches 

off PMOS transistor 51 and switches on NMOS transis 
tor 54, causing the state of the data signal applied to pad 
40 to be re?ected on output line 50. 
FIG. 4 shows another embodiment of the present 

invention. In this embodiment, both incoming data sig 
nals and buffered output signals from a gate array are 
coupled to pad 40. In FIG. 4, each combination of 
AND gate 60 and tri-state buffer 62 comprises an input 
/output (I/O) buffer 64. The output of each AND gate 
60 is coupled to one of output lines 66. Also shown are 
tri-state buffer control signal lines 68 and tri-state buffer 
input signal lines 70. The signals on input signal lines 70 
are taken from the output signals of a subsequent stage 
gate array. Control signals on control signal lines 68 
control the output of tri-state buffers 62 to be either a 
buffered version of the signals on input signal lines 70 or 
?oating. Control signal lines 68 may be coupled to 
gether so as to apply a common control signal to all 
tri-state buffers 62 or may be separate to have indepen 
dent control over each tri-state buffer 62. The control 
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signal on control signal lines 68 may be generated by a 
gate array coupled to output lines 66. The outputs of 
tri-state buffers 62 are coupled to pads 40 so that when 
tri-state buffers 62 are enabled by a certain control sig 
nal on control signal lines 68, pad 40 is to be used as an 
output port, and when tri-state buffers 62 are disabled 
by a certain control signal, causing the output of tri 
state buffers 62 to be floating, a data input signal may be 
applied to pad 40, causing pad 40 to be used as an input 
port. 

Further, as another use of the con?guration of FIG. 
4, the outputs of tri-state buffers 62 may be used as an 
input to an associated AND gate 60. Other components 
shown in FIG. 4 are identical to those in FIG. 3. 
By setting the control signal line 48 to LOW, the 

output of AND gates 60 coupled to output lines 66 will 
be LOW regardless of the data signals applied to pads 
40 and the outputs of tri-state buffers 62. 
FIG. 5 shows another embodiment of the present 

invention where each three-input AND gate 80 has a 
?rst input being a voltage applied to an associated pad 
40, a second input being a ?rst control signal on control 
signal line 48, and a third input being a second control 
signal 82, wherein each second control signal 82 is gen 
erated independently from one another and may be 
generated by a gate array coupled to output lines 84 of 
AND gates 80. Hence, selective enabling of AND gates 
80 is possible with the inventive circuit of FIG. 5, 
thereby allowing only gates whose operation is required 
within a subsequent stage to change state. 
FIGS. 6 through 9 illustrate further embodiments of a 

two input AND gate, such as AND gates 46 and 60 in 
FIGS. 2 and 4, respectively, using CMOS technology. 
Operation of these circuits is straightforward and their 
operation will not be discussed in detail. In the circuits 
of FIGS. 6 through 9, the respective outputs are driven 
automatically to a predetermined level, either high or 
low, depending on the speci?c embodiment, upon appli 
cation of a low control signal CS and a high inverse 
control signal §, regardless of the level of input signal 
IN. 

Additional embodiments of our inventive input buff 
ers using the concepts disclosed herein will become 
obvious to those of ordinary skill in the art. 
We claim: 
1. A device for conserving power in a gate array 

circuit comprising: 
means for supplying a ?rst control signal; 
AND gate means having a ?rst input port and a sec 
ond input port and providing a ?rst output signal, 
said ?rst control signal being applied to said ?rst 
input port and a ?rst signal being applied to said 
second input port, wherein said ?rst output signal is 
coupled to a gate array means and follows said ?rst 
signal when said ?rst control signal represents a 
logical one and represents a logical zero when said 
?rst control signal represents a logical zero. 

2. The device of claim 1 wherein said AND gate 
means functions as one of a plurality of identical input 
buffers for said gate array means. 

3. The device of claim 2 wherein said AND gate 
means is constructed using CMOS transistor technol 
ogy. 

4. The device of claim 2 wherein said ?rst control 
signal applied to said ?rst input port of each of said 
plurality of input buffers is common to each of said 
plurality of input buffers. 
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5. The device of claim 2 wherein each of said plural 
ity of input buffers further comprises a input port for 
having applied thereto a control signal for indepen 
dently controlling each of said input buffers, wherein if 
said control signal associated with a particular input 
buffer is a logical zero, an output of said input buffer 
will automatically be a logical zero. 

6. The device of claim 2 further comprising a tri-state 
buffer means having a input port and a control signal 
input port and providing a output signal coupled to said 
second input port of said AND gate means, said control 
signal input port of said tri-state buffer means being 
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6 
coupled to a second control signal which enables or 
disables said tri-state buffer means, said input port of 
said tri-state buffer means being coupled to a output 
signal of said gate array means so that said second input 
port of said AND gate means may be selectively used as 
either an input port for said ?rst signal or an output port 
for said output signal of said tri-state buffer means. 

7. The device of claim 6 wherein said control signal 
of said tri-state buffer means is determined by a second 
output signal of said gate array means coupled to re 
ceive said ?rst output signal of said AND gate means. 

* * * * * 


